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Abstract 

We have studied the effect of solar structures and turbulences in solar wind plasma on the 

Earth's magnetosphere during the decline phase of solar cycle 24 and the rising phase of 

solar cycle 25. Most CMEs are geoeffective, cause geomagnetic storms, and are associated 

with C-class and M-class solar flares (S.F.s). It is also observed that these geomagnetic 

storms are associated with disturbances in solar wind plasma parameters. We have 

determined a large positive correlation with a correlation coefficient of 0.68, 0.58, 0.65, and 

0.63 between the magnitude of the extensive geomagnetic storms and the peak value of IMF 

Btotal, the magnitude of IMF Btotal, the peak value of disturbances in the southward 

component of interplanetary magnetic fields (IMF Bz), and magnitude of disturbances in the 

southward component of interplanetary magnetic fields (IMF Bz). The correlation 

coefficient of 0.61 is higher between the magnitude of Dst and the magnitude of SWPT, as 

compared with the magnitude of flow pressure (0.39). From the present work, we have 

concluded that solar plasma structures and solar wind turbulences are mainly responsible for 

generating extensive geomagnetic storms. 

Keywords: Solar plasma parameters; Coronal mass ejections (CMEs); Interplanetary 

magnetic field (IMF); Geomagnetic storms. 
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1.   Introduction 

The solar wind is a stream of energized charge particles ejected from the Sun's outermost 

atmosphere, called the corona. It provides a highly variable source of energy to the 

interplanetary medium. The large-scale evolution of the solar wind is determined by the 

solar magnetic field, whose structure varies during the solar cycle [1-3]. The solar 

magnetic field carried outward by the solar wind in the heliosphere when the highly 

conductive solar wind plasma drives the Sun's magnetic field lines is called the 

interplanetary magnetic field (IMF) [4]. Solar yield in the form of solar plasma and 

magnetic field driven out into interplanetary medium subsequently produces disconcertion 
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in the geomagnetic field. When these plasma and fields reach the earth's mesosphere, they 

produce superfluous ionization in the sunlit part of the earth and display irregular storm 

time charges in the pragmatic geomagnetic field.  

 Solar wind plasma continuously streams out of the Sun during interplanetary space at 

typical speeds of 400–500 km/s, breaking the Sun's magnetic field frozen into it. The 

dynamics of this wind is responsible for 91.5 % of geomagnetic activity [5-7]. The solar 

wind and the magnetosphere constantly interact, thus constituting a coupled system, 

because the disturbances of the interplanetary medium cause geomagnetic disturbances 

[8]. Superposed on this ambient plasma are transient injections of material, often faster 

than the solar wind and also carrying a strong magnetic field, known as coronal mass 

ejections.   

 According to coronal mass ejections and co-rotating interaction regions/high-velocity 

fluxes striking the earth's magnetic field are the main drivers of geomagnetic activity [9, 

10]. Coronal mass ejections produce the majority of extensive geomagnetic storms, and 

co-rotating/high-velocity flux interaction regions produce a large proportion of minor to 

moderate geomagnetic storms. Earth's magnetic field forms the cavity, shielding Earth 

from a variety of interplanetary structures known as the magnetosphere. The highest solar 

wind speeds are observed during the descending phase of the solar cycle, when high-

velocity flows from equatorward extensions of polar coronal holes often reach low 

heliographic latitudes and the ecliptic plane [5,11]. If the solar wind magnetic field is such 

that its direction points anti-parallel to earth's magnetic field, energy can be injected into 

the magnetosphere, increasing the equatorial ring currents, differential gradient, and 

curvature drift of electrons and protons in the near earth region, causing geomagnetic 

storms.  

 Large geomagnetic storms are usually caused by structures in the solar wind having 

specific features: long durations of strong southward interplanetary magnetic field (IMF) 

impinging on the earth's magnetosphere. These features are effective in causing 

geomagnetic disturbances and are said to be geoeffective. The variation of Earth's 

magnetic field, usually expressed through magnetograms, shows the time variation of 

declination (D), vertical component (Z), and horizontal component (H). However, for 

global quantitative representation, various geomagnetic indices have been introduced. The 

disturbances storm time (Dst) index is the conventional measure of ring current intensity 

and energy observed at Earth's surface over low and moderate latitudes.  

 The Dst values are obtained from the longitudinal average of H variations measured 

at middle and low-latitude observatories. It is the best indicator of the ring current 

intensities and a sensitive index representing the degree of solar disturbances. The 

statistical study presented in this paper aims to analyze the effect of extensive 

geomagnetic storms and their association with solar wind plasma temperature and IMF 

during the decline phase of the solar cycle 24 and the rising phase of the solar cycle 25. 

Today's challenge for Space Weather research is to quantitatively predict the dynamics of 

the ionosphere and magnetosphere from measured solar wind interplanetary conditions. A 

number of correlative studies between the extensive geomagnetic storms and the various 



S. Kumar et al., J. Sci. Res. 16 (1), 107-114 (2024) 109 

 

interplanetary field and plasma parameters have been performed to search for causes of 

geomagnetic activity and for developing models for predicting geomagnetic storms [15-

19]. 

 

2. Data Analysis Methods 

 

In the present study, we have observed 15 geomagnetic storms with (Dst ≤-100 nT) during 

the period of decline phase of solar 24 and the rising phase of solar cycle 25. If the 

magnitude of the storm (Dst ≤ -100nT) recurs for several consecutive days/hours, then the 

last day/hour is taken as the storm's day. Here, we have taken a set of six extensive large 

geomagnetic storms (Dst ≤-125 nT) and analyzed them with different solar and 

interplanetary disturbances like IMF B, IMF Bz, and S.W. Parameters (temperature, 

velocity, and pressure). Solar Geophysical Data (Prompt Comprehensive report) of U.S. 

Department of Commerce, NOAA and omni web data have obtained the hourly Dst values 

for geomagnetic storms [12-14]. The coronal mass ejection (CMEs) data have been 

obtained by SOHO/LASCO CME CATALOG. This CME catalog is generated and 

maintained at the CDAW Data Center by NASA and The Catholic University of America 

in cooperation with the Naval Research Laboratory SOHO, which is a project of 

international cooperation between ESA and NASA. The magnetic cloud and 

interplanetary shocks database of Helio-spheric Shock Waves has obtained data 

maintained at the University of Helsinki. The database currently includes the shocks from 

ACE, Wind STERO, Helios, Ulysses, and Cluster spacecraft.  

 
Table 1. Characteristic features of geomagnetic storms occur during the decline phase of the solar 

cycle 24 and the rising phase of the solar cycle 25. 
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07.01.2015 -107 21.6 15.8 -17.1 -15.9 2E+05 1E+05 508 88 9.86 7.06 PH M 

10.01.2015 -234 31.5 23.7 -24.1 -22.9 8E+05 8E+05 614 202 7.92 5.68 PH M 

14.01.2015 -198 37 27.3 -26.3 -25.1 1E+06 1E+06 742 336 9.53 9.29 H M 

16.08.2015 -100 21.7 12.5 -9.6 -8.2 3E+05 3E+05 540 210 8.42 6.98 PH C 

27.08.2015 -103 14.2 5.8 -13.1 -6.4 2E+05 1E+05 460 124 8.03 5.03 H M 

07.10.2015 -130 20.4 11.1 -8.6 -7 6E+05 6E+05 775 347 9.51 5.6 PH M 

20.12.2015 -166 19.5 11.9 -18.1 -11.2 1E+05 1E+05 428 35 9.13 7.57 H C 

01.01.2016 -102 16.9 11.4 -16.1 -14.6 3E+05 3E+05 477 146 9.92 9.58 H C 

20.01.2016 -101 16.9 11.2 -11.5 -7.8 4E+05 4E+05 547 208 9.47 5.4 H C 

06.03.2016 -102 20.1 14.7 -8.5 -6.7 5E+05 5E+05 590 231 9.85 7.63 PH B 

13.10.2016 -109 24.1 19.9 -19.3 -18.3 3E+05 3E+05 719 237 4.18 2.58 H B 

28.05.2017 -125 22.8 20.7 -21.4 -19.6 1E+05 84920 539 203 5.87 3.94 PH B 

08.09.2017 -122 27.3 19.5 -23.6 -21.7 3E+06 3E+06 817 344 7.93 5.13 H X 
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26.08.2018 -175 18.2 12 -14.7 -11.1 3E+05 3E+05 573 196 6.02 4.01 NA B 

04.11.2021 -105 22.3 19.8 -15.5 -13.5 1E+06 1E+06 762 279 9.88 8.15 H M 

 

3. Results and Discussion 

 
Table 2. Occurrence of geomagnetic storms per year during the decline 

phase of SC 24 and rising phase of SC 25. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 1. Frequency histogram of geomagnetic occurrence during the decline phase of SC 24 and 

rising phase of SC 25. 

 

The characteristic features of all those geomagnetic storms, which are compiled in Table 

2, are described here. In this study, we found that 09 (60 %) out of 15 are intense 

geomagnetic storm events, 05 (33.3 %) out of 15 are major geomagnetic storms, and only 

01 out of 15 events are severe geomagnetic storms. Generally, it is believed that the 

majority of major geomagnetic storms occur during the maximum phase of the sunspot 

cycle because many solar active regions appear during this time, while a few of the 

geomagnetic storms are observed during the minimum phase of the sunspot cycle due to 

the presence of coronal holes and some other solar activities. 

 

 

 

 

 

 

 
 

Fig. 2. Different types of geomagnetic storms that occurred during the decline phase of SC 24 and 

SC 24. 

Year Occurrence of Geomagnetic Storms 

2015 7 

2016 4 

2017 2 

2018 1 

2021 1 
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3.1. Geomagnetic storms and CMEs 

 

The data analysis of geomagnetic storms associated with coronal mass ejections observed 

during the period of decline phase of SC 24 and the rising phase of SC 25, it is observed 

that all extensive geomagnetic storms are associated with halo and partial halo coronal 

mass ejections (CMEs). The association rates of partial halo and halo coronal mass 

ejections are 67 % and 33 %, respectively. It is also determined that most of the associated 

CMEs are of higher speed CMEs. 

 

 

 

 

 

 

 

 

Fig. 3. The percentage of different kinds of associated CMEs. 

 

3.2. Geomagnetic storms and x-ray solar flares (S.F.s) of different kinds 

 

The data analysis of extensive geomagnetic storms, associated with Hard X-Ray solar 

flares of different kinds it is observed that all the extensive geomagnetic storms are Hard 

X-Ray solar flares of different categories. The association rates M-Class, C-Class, and B-

Class X-ray solar flare are M-Class-50 %, C-Class -17 %, and B-Class -33 %, 

respectively. 

 

 

 

 

 

 

 

 

 

 

Fig. 4. The percentage of different classes of solar flares. 

 

3.3. Geomagnetic storms and radio burst  

 

The data analysis of geomagnetic storms associated with radio bursts of different types 

during the investigation. The association rate of Type-II and Type IV radio bursts is given 

below: Type II- 51.60 % and Type IV-48.40 %. 
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Fig. 5. Different types of radio bursts. 

 

3.4. Correlation graphs  

 

Using statistical analysis, we have observed that all the geomagnetic storms are associated 

with irregularities in solar parameters. We have determined a large positive correlation 

with a correlation coefficient of (0.68) between the magnitude of the extensive 

geomagnetic storms and the peak value of disturbances in IMF Btotal, (0.58) between the 

magnitude of the extensive geomagnetic storms and magnitude of disturbances in IMF 

Btotal (0.65) between the magnitude of the extensive geomagnetic storms and the peak 

value of disturbances in southward component of interplanetary magnetic fields (IMF Bz), 

(0.63) between the magnitude of the extensive geomagnetic storms and magnitude of 

disturbances in southward component of interplanetary magnetic fields (IMF Bz). The 

correlation between the magnitude of Dst and the magnitude of solar wind temperature 

(with a positive correlation coefficient of 0.61) is higher than the magnitude of Dst and the 

magnitude of flow pressure (0.39). 
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Fig. 6. The scatter plot between peak value of Dst and peak value of IMF (B) in upper left 

panel, magnitude of Dst and magnitude of Btotal in upper right panel, magnitude of Dst and 

peak value of Bz in middle left panel, magnitude of Dst and magnitude of Bz in middle 

right panel, magnitude of Dst and peak value of solar wind plasma temperature in lower 

left panel, and magnitude of Dst and magnitude of flow pressure in lower right panel. 

 

4. Conclusion 

 

It has been verified that extensive geomagnetic storm intensity is correlated well with the 

interplanetary magnetic field IMF (Btotal and Bz) better than with its solar parameters 

(SWPT and Flow Pressure). (b) Magnitude of Dst and Magnitude of Btotal 

Type II- 51.60 % and Type IV-48.40 % are responsible for occurrence of geomagnetic 

storms. 

M-Class-50 %, C-Class -17 % and B-Class -33 % solar flares of different kinds are 

responsible for occurrence of geomagnetic storms. 

67 % partial halo and 33 % halo CMEs are identified during the occurrence of 

geomagnetic storms in this study.  
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It is believed that the majority of extensive geomagnetic storms occur during the 

maximum phase of sunspot cycle, because many solar active regions appear during this 

time, while a few of the geomagnetic storms are observed during the minimum phase of 

sunspot cycle due to the presence of coronal holes and some other solar activities. 
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